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Abstract 
Most of the past researchers have conducted investigations on the dynamic loading of soft soils such as sand and clay 
but there are still lacks of information on discovering the behaviour of peat in terms of static and dynamic loadings. Hence, 
this paper presents the dynamic behaviour of Western Johore peat pertaining to four different effective stresses which are 
13kPa, 25kPa, 50kPa and 100kPa by using 1Hz loading frequency. The main objectives of this study is to establish the 
shear modulus and damping characteristics of Parit Nipah peat and Pontian peat located in West Johore, Malaysia. The 
Index Properties test, Monotonic Triaxial test and Cyclic Triaxial Test have been performed to determine the parameters 
required by using one way loading and stress-controlled method. All tests were conducted in the laboratory in Research 
Centre of Soft Soil, Universiti Tun Hussein Onn Malaysia. The analysis describes that the variation of shear modulus 
increase as the effective stresses increases from 200kPa to 1200kPa for PNpt and from 100kPa to 1150kPa for POpt. 
Meanwhile, the damping ratio shows a reduction when effective stresses increases from 0.25 to 0.03 for Parit Nipah peat. 
Besides, damping ratio of Pontian peat reduce from 0.30 to 0.05. For a better comprehension of the subject, further 
investigations on dynamic loading of peat soil required to critically identify the consequences on dynamic parameters.  
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1. Introduction 
Nowadays, urban expanding upon many cities around the world as well as the large industrial construction 
facilities and associated infrastructure have often made it necessary to build large projects in very soft soils [1] 
such as peat where composite foundations solutions of buildings as well as roads and highways are required. 
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The proper characterization of these types of soil is a crucial step in applying specific analysis and design 
methods by most engineers mainly geotechnical and geophysicists [2]. 
The reactions of peat towards the road and highways in Malaysia have been of concern to most engineers 
since the definition of peat soil has been said as poorly, challenging, difficult accessibility and problematic 
soil [3]. Malaysia consists of three million hectares covered with peat which approximately about 8% of the 
land area of the country [4]. Peat soils were observed to be predominantly along the coastal area with the 
annual rate intensities of peaty soil predicted as 2cm per year [5].It has been agreed that the significant 
parameters in Geotechnical Engineering controlling the response of soil towards the cyclic loading are shear 
modulus and damping ratio [6]. These parameters must be determined to accurately measure their expected 
and required response towards earthquake shaking [7] and also for the design of geotechnical engineering 
problems [8]. The cyclic properties of peat that have been most substantially investigated in prior work are the 
variations of shear modulus and damping ratio with cyclic shear strain. Previous work identified in the 
literature on the performance of peat cyclic was associated with [9][10]. Mercer Slough peat in Washington, 
[11], peat in Sherman Island, California [7], Montezuma Slough and Clifton Court peat [12], California Bay 
Delta [13], Bogota’s Subsoil Peat [14] and Malaysia Peat [17]. 
2. Sample Preparation 
There were two different locations of peat soil used which are Parit Nipah and Pontian, Western Johore, 
Malaysia. The soil was excavated to a depth of 0.3 meters from top soil and then a tube sampler with the size 
of 50mm diameter and 100mm height were pushed slowly into the soil. The qualities of samples were 
maintained by ensuring the sharpness of the tube. The undisturbed peat soils were waxed at both the ends of 
the tubes and sealing with the aluminium and plastics sealed to prevent the loss or gain of moisture. Jolting 
during transport was avoided. The samples were kept in the laboratory under constant temperature in the air 
conditioned room.  
When conducting laboratory tests, great care has been taken during the sample preparation. Top and 
bottom of the specimen was trimmed and the trimming process was carried out carefully since peat soil 
containing fibres which can be easily disturbed. Besides, the process also done as quickly as possible to 
minimize the disturbance and also the moisture content of the specimen [15].  
3. Test Material and Method Approach 
The main objectives of this study are to establish the cyclic shear modulus and damping characteristics of 
Parit Nipah peat (PNpt) and Pontian peat (POpt) located in West Johore, Malaysia uses 1Hz loading 
frequency. The Index Properties test, Monotonic Triaxial test and Cyclic Triaxial test have been performed to 
determine the characteristics and parameters required. All tests were conducted in the Research Centre for 
Soft Soil (RECESS) laboratory in Universiti Tun Hussein Onn Malaysia.  
The machine used to perform dynamic testing of peat soil was cyclic triaxial machine. A specimen sized of 
50mm diameter and 100mm height was mounted on the base of the pedestal sealed with a rubber membrane 
and ends with filter paper and porous stone at each end. Then, two rubber o-rings were equipped around the 
drainage lead of the top cap and another two around the triaxial base to ensure that it is an air-tight. All 
specimens were subjected to 24 hours consolidation based on the standard. The specimen was continued to a 
cyclic loading by the means of internal load cell and systematically controlled by the GDSLAB software.  
All specimens used were dynamically loaded up to 100 cycles and specifically used only one-way loading. 
Stress-controlled condition used at 1Hz loading frequency with four different effective stresses (σ’) which are 
13kPa, 25kPa, 50kPa and 100kPa respectively. Test results, including the Shear modulus (G) and Damping 
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Ratio (D) versus shear strains, have been calculated based on the stress-strain hysteresis loop for the 1-100
th
 
cycles according to ASTM D5311-92.  
4. Results and Discussions 
4.1. Index Characteristics 
The physical properties of the PNpt and POpt are shown in Table 1. The preliminary identification of the 
soil was made based on the index properties tests conducted on the peat soil sample. Peat was classified based 
on the degree of humidification known as Von Post Scale, organic content and fiber content of soil. The 
degree of humidification test was made based on the appearance of soil water that is extruded when a sample 
is squeezed in the hand. 
Loss on ignition test has been conducted in this research in order to obtain the percentage organic content. 
From Table 1, the results concluded that peat soil in Johor has a high percentage of liquid limit and organic 
content. The value of liquid limit is high because the sample contains a lot of fiber which results in high water 
absorption capacity [16]. 
Table 1. Index Properties of Peat 
Parameters PNpt POpt 
Moisture Content (%) 710.44 898.91 
Organic Content %) 78.77 76.55 
Fiber Content (%) 40.97 43.65 
Liquid Limit (%) 318 255 
Specific Gravity 1.43 1.28 
Soil pH 3.69 3.72 
Degree of Humidification H6 (Hemic) H5 (Hemic) 
 
 
                                           (a)                                                                                  (b) 
Fig. 1. Stress-strain relationships for (a) PNpt (b) POpt 
4.2. Monotonic Triaxial Test  
3
4 Adnan Zainorabidin et al. / APCBEE Procedia 00 (2014) 000–000 
Consolidated Isotropic Undrained (CIU) Triaxial test has been performed to observe the maximum 
deviator stress (σdmax) during the shearing stage. The σdmax of each specimen was very significant in the 
determination of the amplitude values during cyclic stage. The volumes of each specimen were maintained in 
order to achieve better results for the stress-strain curves.  
Fig. 1 plots the deviator stress (σd) against axial strain (εa) for PNpt and POpt which measured during the 
Monotonic Triaxial testing. A great difference on slope of stress-strain curve and also the m σdmax for 13kPa, 
25kPa, 50kPa and 100kPa are shown. As seen in Fig.1 (a) and (b), σdmax increased as the effective stresses 
increased. The σ’=100kPa pointed the highest values of σd and σ’=13kPa stated the lowest values. Differences 
appeared in these figures illustrated that peat soil in Western Johore, Malaysia behaves variable strength with 
same σ’ applied. The differences may come from varying types and sizes of fibre contained in the undisturbed 
peat soil. All tests are done until the strain limit of 20%. All the σdmax for each σ’ applied is tabulated in the 
Table 2.  
Table 2. Cyclic Amplitude Values of Peat 
 σ’ (kPa) εa max (%) σd max (kPa) 0.5 σd max (kN) 
PNpt 13 17.04 12.24 0.012 
 25 13.61 22.14 0.022 
 50 19.07 33.88 0.033 
 100 15.90 43.78 0.043 
POpt 13 10.00 13.41 0.013 
 25 12.90 20.53 0.020 
 50 11.33 22.40 0.022 
 100 13.12 25.49 0.025 
As indicates in Table 2, the cyclic amplitude values which are half of the σdmax shows an increase results 
when the σ’ increased. The amplitude for every cycle should be within the range unless failure will occur. On 
the other hand, the εamax for PNpt were lying between the ranges of 17.04% to 15.9% which showed higher 
values than POpt (10% to 13.12%) for all σ’. Meanwhile, the σdmax for PNpt indicates higher than POpt.  
 
    (a)                                                                                 (b) 
Fig. 2. Relationships of (a) Damping ratio (b) Shear Modulus versus Shear Strain 
4.3. Cyclic Triaxial Result 
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The cyclic parameters of peat soil, which are damping ratio (D) behaviour and shear modulus (G) 
characteristics are unpredictable and difficult to be tested. Recent investigations on dynamic soil properties 
explains that the importance of dynamic parameters is to evaluate the response and stability of surface soil 
layers [18]. Thus, basic dynamic soil characteristics, including D and G are important for the dynamic 
analyses. In this paper, D and G were both calculated using the hysteresis loop as suggested in ASTM D3999-
91. The behaviour of D and G of peat soils was different due to its natural features and different percentages 
of natural contents. Fig. 2 displayed the results for both PNpt and POpt on 1Hz with σ’ = 13kPa, 25kPa, 50kPa 
and 100kPa. The results of D and G of peat soils were tabulated in Table 3 by the means of different σ’ 
applied. 
Table 3. Shear Modulus and Damping Ratio of Peat 
σ’ (kPa) Shear Modulus, G (kPa) Damping Ratio, D  
PNpt  POpt  PNpt  POpt  
13 200-400 100-250 0.25 0.30 
25 250-400 200-450 0.08 0.20 
50 500-700 300-500 0.06 0.15 
100 800-1200 1000-1150 0.03 0.05 
Results indicate that the values of cyclic G increase as σ’ increase for both peat soils. PNpt shows a high 
ranges of cyclic G compared to POpt at σ’=100kPa (1150kPa) and POpt pointed the lowest values at σ’= 
13kPa (100kPa). Cyclic G of peat soil in POpt has the lowest value may be because of its low stiffness of the 
soil. Both soils show different shear strain level, which less than 5%. On the other hand, results of D for both 
peat soils in Table 3 indicate vice versa. POpt stated the maximum D of peat soil at σ’=13kPa with 0.30 
compared to PNpt with only 0.25. Meanwhile, the minimum result was in the ratio of 0.03 (PNpt) and 0.05 
(POpt), both at σ’=100kPa.  
This is agreed by [11] whereby they had observed the effect on 1Hz frequency on secant modulus and 
damping ratio of Sherman Island peat. This is followed by [10] which had performed the strain-controlled 
cyclic triaxial test for G and D of Mercer slough peat. 
The values of D and G of PNpt and POpt are quite different compared to both Sherman Island and Mercer 
Slough peat. It is proved that peat soil in West Johore having higher energy dissipation of peat since its fiber 
content and organic content of the natural peat may be differed. It was agreed by [17] whom stated that the 
peat sample would give variable and different results compared to sand and clay. 
5. Conclusions and Recommendations 
After analyzing the G and D characteristics as well as the index properties of PNpt and POpt, conclusions 
have been made. The percentage of water content for both peats were up to almost 900% and having a high 
value of organic content which are 78.76% and 76.55% and fiber content (40.97%, 43.65%) for both PNpt 
and POpt respectively. Furthermore, PNpt stated as the highest σdmax in Monotonic Triaxial test compared to 
POpt at σ’=100kPa with 43.78%. During the Cyclic Triaxial test, the variation of G increases as the σ’ 
increase from 200kPa to 1200kPa (PNpt) and from 100kPa to 1150kPa (POpt). Meanwhile, the D of Western 
Johore peat soil shows a reduction when σ’ increases from 0.25 to 0.03 for PNpt. D for POpt indicate from 
0.30 to 0.05. It is proved that POpt having higher energy dissipation of peat soil compared to PNpt. 
For a better comprehension of the subject, further investigations on dynamic loading of peat soil required 
to critically identify the consequences on dynamic parameters. As suggested, the cyclic loading can be 
conducted with different frequencies to show the effect of G and D towards the peat soil.  
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